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Method for producing highly condensed polyesters in the solid state 

The invention relates to a continuous or discontinuous method for the production of highly condensed 
polyesters in the solid state, comprising a crystallisation of a polyester material, wherein the crystallisation 
is carried out in the presence of a gas with a dew point (Tp) of (less than or equal to) < approximately -10 
°C. The invention also relates to a method for the production of polyester formed bodies using the polyes- 
ter material obtained for the production of bottles, films and high strength threads. 

The known aromatic polyesters or copolyesters, in particular polyethylene terephthalate and its copolymers 
with a slight content of, for example, isophthalic acid or cyclohexane dimethanol, polybutylene terephtha- 
late, polytrimethylene terephthalate, polyethylene naphthalate and its copolyesters, which act as starting 
material for fibres, films and packaging, are processed after a melt polycondensation to form granulates of 
medium viscosity. For polyethylene terephthalate and its correspondingly low modified copolyesters, the 
mean degree of polycondensation, expressed by the Intrinsic Viscosity (I.V.), is in the range between 0.30 
- 0.90 dl/g after the melt polycondensation. 

Since the production of granulates with an I.V. over 0.65 dl/g, in particular in conventional autoclaves, is 
hardly possible and high viscosities > 0.80 dl/g involve a substantial reduction of capacity in the melt poly- 
condensation and additionally the polyesters for foodstuff packaging demand a very low acetaldehyde 
value, then according to the state of the art of melt polycondensation a solid-state polycondensation (SSP) 
is included, which leads to an increase in the I.V. of generally 0.05 - 0.4 dl/g and to a reduction of the acet- 
aldehyde content of approx. 25- 100 ppm to values < 1 ppm in PET (polyethylene terephthalate). 

In this solid-state polycondensation following the melt polycondensation stage the mean viscosity is in- 
creased such that the strengths required for the corresponding field of application are achieved, the acet- 
aldehyde content with foodstuff packaging is reduced according to requirements and the oligomer content 
arising is reduced to a minimum level. Here, it is important that in addition the acetaldehyde bound as vinyl 
ester, also termed depot acetaldehyde, is broken down such that during the processing of the polyester 
granulate to form packaging, in particular polyester bottles according to the stretch blow and injection 
stretch blow forming methods, only a minimal amount of acetaldehyde is formed in the polyester. In par- 
ticular for bottling mineral water in polyester bottles, less than 2 ppm of acetaldehyde should be contained 
in the bottle wall made from polyethylene terephthalate. 

Apart from SSP, methods for aldehyde removal from polyethylene terephthalate by treating with nitrogen or 
with dry air are known, as described in the US patent 4,230,819. In order to obtain the required low acetal- 
dehyde content in the material, temperatures of up to about 230 °C are used. When using air, with a high 
temperature of this nature severe thermo-oxidative breakdown of the polyester must be expected. With the 
use of nitrogen the gas and the cost-intensive cleaning increase the costs. 

In the US patent 4,223,128 temperatures above 220 °C are eliminated when using air as the carrier gas. 
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The desired increase in the LV. is obtained with the aid of large amounts of dry air with a dew point of -40 
to -80 °C. With the treatment temperature of 200 °C given in the examples of this patent, then with con- 
tinuous methods, which exhibit a more or less wide dwell time range, oxidative damage to individual granu- 
late grains cannot be excluded. 

In the SSP a chain extension of the polyester in the solid state is achieved in order to keep the strong sec- 
ondary reactions arising in a melt as low as possible, as well as removal of the harmful secondary prod- 
ucts. With this chain extension, which is expressed as an increase in the I.V., products such as bottles or 
tyre cord, which require a higher strength, can be produced. Since polyesters are however semi-crystalline 
thermoplastics, then, depending on the type, they exhibit a more or less large amorphous content. This fact 
gives difficulties with the implementation of the SSP, because, at the temperatures required for the SSP, 
the amorphous portions lead to conglutination which can even bring the production plant to a halt. 

Therefore, it is also known, as a preliminary stage to the SSP, that crystallisation of the semi-crystalline 
chips from the melt polycondensation can be carried out to prevent the tendency to conglutination under 
nitrogen or air atmospheres at temperatures between 160 - 210 °C, as described in the US patents 
4,064,112, 4,161,578 and 4,370,302. 

In WO 94/17122 a two-stage crystallisation with preheating and intermediate cooling before the SSP is 
disclosed for the prevention of conglutination. . The described SSP temperature is located at temperatures 
between 205 and 230 °C. 

To improve the quality of the chips, moist inert gas can be used before or during the SSP, as described in 
JP 09249744 or US 5,663,290, or, as disclosed in the US patent 5,573,820, the chips can first be treated 
with hot water or directly with steam intensively at temperatures up to 200 °C before the crystallisation. In 
this case however, a severe unwanted reduction in the I.V. must be expected due to hydrolysis in the PET 
already at the usual temperatures of > 190 °C. 

A further method is the treatment of the chips to be crystallised with purified undried nitrogen from the SSP 
in counterflow in a second crystallisation stage, as shown in EP 222 714. The effect described there for the 
reduction of the acetaldehyde content is assessed rather as slight. 

The known methods therefore have the disadvantage that the use of expensive, optionally purified nitrogen 
is required, a large amount of equipment must be operated to prevent conglutination, high temperatures 
must be used, which demand a corresponding expenditure of energy, oxidative damage occurs and a too 
high acetaldehyde content or too high subsequent acetaldehyde reformation occurs. 

The object of the invention is therefore to provide a method for the production of highly condensed polyes- 
ters in the solid state from aromatic polyesters and their copolymers, which is simplified in terms of appara- 
tus and at the same time the particularly high quality requirements on the polyester for packaging with re- 
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gard to viscosity, colour, acetaldehyde content, acetaldehyde reformation and oligomer content are main- 
tained or even improved. 

The solution of the object is a method of producing polyesters, comprising a crystallisation of a polyester 
material, wherein the crystallisation is carried out in the presence of a gas with a dew point of (less than or 
equal to) < approximately -10 °C. 

This method is suitable for the production of granulate of semi-crystalline aromatic polyesters or copoly- 
esters, obtainable from one or more dicarboxylic acids or their methyl esters, such as terephthalic acid, 
isophthalic acid, naphthalene dicarboxylic acid and / or 4,4-bisphenyl dicarboxylic acid and one or more 
diols, such as ethylene glycol, propylene glycol, 1,4-butandiol, 1 ,4-cyclohexane dimethanol, neopentyl 
glycol, bisphenol A and / or diethylene glycol. 

These starting compounds can be processed to form polyester material, preferably granulate, in a known 
manner according to the continuous or discontinuous method of esterification or re-esterification using 
known catalysts with a subsequent melt polycondensation under a vacuum. 

Preferably polyethylene terephthalate homopolymers and copolymers with a comonomer content of less 
than 10% by mass are used. 

Methods for the production of polyesters generally comprise an esterification or re-esterification, a melt 
polycondensation stage, crystallisation and optionally a solid state polycondensation. In this way a polyes- 
ter material is obtained which can be used in further applications, such as the manufacture of formed bod- 
ies. Normally, the temperature during the melt polycondensation in the final reactor can be about 265 to 
about 305 °C and the dwell time about 80 to about 240 min. The usual parameters in the SSP reactor 
(prior to this is the usual crystallisation stage) are: T = 180 - 230 °C; dwell time =8-18 hours. 

The semi-crystalline polyester material is used in the crystallisation. Any polyester material obtained from a 
melt polycondensation can be used. The polyester material used can have a degree of crystallisation of up 
to about 8%, preferably about 5% to about 8%. 

The dew point of the gas used during the crystallisation in the method according to the invention is pref- 
erably in the range from about -10 °C to about -80 °C, in particular in the range from about -13 °C to about 
-78 °C. The dew point of the gas is a measure of the water content of the gas. The dew points are referred 
to a pressure of approximately 1300 mbar. The gas used according to the invention consequently has a 
water content of less than approximately 1300 ppm, preferably about 1300 ppm to about 0.3 ppm, in par- 
ticular about 1100 to about 0.3 ppm. 

Any commercially available gas can be used for a gas with a desired dew point. Preferably however, the 
gas is moistened to the desired dew point with a partial flow of the gas, enriched with moisture, from the 
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method for the production of polyesters itself and / or by additional moistening using a gas flow, passed 
through a wash column, and which is fed again to the main gas flow. The moist gas used from the process 
(circulating gas) can for this be preferably passed over an existing gas drying system and thus dried. A 
partial flow of this circulating gas can be branched off via a bypass and fed again to the main flow of the 
dried circulating gas for the dew point adjustment. 

For example, a moist gas from one of the stages of polyester production, such as the esterification or re- 
esterification, the melt polycondensation and / or the SSP, which for example has a dew point of about -10 
°C, can be divided into two partial flows. The first partial flow is dried, whereby it has a dew point, for ex- 
ample, of about -70 °C after the drying. The second partial flow is combined with this again after the first 
partial flow has been dried. In this way, a gas for use according to the invention with a dew point of about - 
35 °C is obtained. 

The gas is preferably air, nitrogen or a mixture of them, in particular nitrogen. 

The method according to the invention can be controlled using the adjustment of the gas dew point such 
that a desired increase in viscosity (I.V.) is achieved during the crystallisation. With increasing dew point 
and therefore moisture content of the gas the increase in I.V. is less until at a dew point of about -10 °C 
essentially no further rise in the viscosity occurs. The gas dew point is therefore chosen the lower the 
higher the rise of the I.V. is to be. 

The desired increase in the I.V. is preferably about 0 dl/g to about 0.1 dl/g. With a desired increase in the 
I.V. of about 0 dl/g to about 0.02 dl/g the dew point of the gas is preferably about -10 °C to about -20 °C, 
with a desired increase in the I.V. of about 0.02 dl/g to about 0.04 dl/g it is about -15 °C to about -25 °C, 
with a desired increase in the I.V. of about 0.04 dl/g to about 0.06 dl/g it is about -20 °C to about -40 °C, 
with a desired increase in the I.V. of about 0.06 dl/g to about 0.08 dl/g it is about -30 °C to about -55 °C, 
with a desired increase in the I.V. of about 0.08 dl/g to about 0.1 dl/g it is about -45 °C to about -75 °C. 

In a preferred embodiment an I.V. value as low as possible is set in the melt polycondensation and during 
the crystallisation the rise in the I.V. (final I.V.) is controlled via the Tp. This has been found to be a particu- 
larly economical solution. With special applications in which only very low or even no I.V. rises are desired, 
then a gas is chosen which has a high moisture content, such as with a dew point of about -10 °C to about 
-15 °C. In this way no increase in the I.V. is obtained during the crystallisation and the I.V. remains con- 
stant. The acetaldehyde content AA is < 1 ppm and the degree of crystallisation is > 45%. In this way a 
polyester material is obtained which is extraordinarily well suited for the following processing into preforms. 

In the method according to the invention the crystallisation is preferably carried out at temperatures of 
about 150 °C to about 230 °C, more preferably at about 160 - 230 °C, especially at about 200 °C to about 
220 °C. The temperature can be continuously increased even during the crystallisation by up to about 20 
°C, especially about 10 °C. 
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In the method according to the invention the crystallisation is preferably carried out for up to about 10 h, in 
particular about 2 to about 8 h. The crystallisation can also be carried out preferably shorter, i.e. about 30 
to about 120 min., in particular about 50 to about 80 min. 

In the method according to the invention the crystallisation is preferably carried out in at least two stages, 
in particular two stages, as described below. Here, the 1 st stage of the crystallisation can be carried out at 
a lower temperature than the 2 nd stage of the crystallisation. In particular the 1 st stage of the crystallisation 
can be carried out at a temperature of about 150 °C to about 210 °C and the 2 nd stage of the crystallisation 
carried out at a temperature of about 180 °C to about 230 °C. 

The dwell time in the 1 st stage of the crystallisation is preferably up to about 2 h, in particular up to about 1 
h and in the 2 nd stage up to about 8 h, in particular 7 - 8 h. 

The 1 st stage of the crystallisation can be carried out using a gas flow with turbulence, in particular in a 
fluidised bed reactor. In the 2 nd stage of the crystallisation the polyester material can flow (i) under me- 
chanical disturbance and the gas in counterflow, (ii) under mechanical disturbance and the gas in uniflow 
and (iii) without mechanical disturbance and the gas in uniflow. In addition the 2 nd stage of the crystallisa- 
tion can be carried out in a shaft crystalliser. 

Any suitable semi-crystalline polyester material in spherical or cylindrical shape can be used as the polyes- 
ter material in the 1 st stage of this form of implementation of crystallisation in two stages. The semi- 
crystalline polyester material can be obtained by the crystallisation of a polyester material obtained from 
the melt polycondensation. To provide the polyester material in the 1 st stage of the crystallisation, prefera- 
bly semi-crystalline polyester material obtained after the melt polycondensation, preferably granulate, can 
be treated in the 1 st stage to increase the degree of crystallisation to about 42 to about 50% under turbu- 
lence with a gas flow at suitable temperatures and dwell times. Preferred temperatures lie in the range 
from about 195 to about 210 °C and preferred dwell times are up to about 60 min., preferably about 20 to 
about 55 min. 

The gas used for turbulence is preferably air and / or nitrogen. The gas dew point can vary between -75 to 
-10 °C. 

The production of the semi-crystalline polyester material can be carried out using a fluidised bed reactor. 
The 1 st stage of the crystallisation is especially preferably carried out in two zones, wherein the crystallisa- 
tion in the first Zone 1 is carried out in a fluidised bed with a mixed characteristic and in the second Zone 2 
in a fluidised bed with a controlled flow of granulate. 

Fig. 1 illustrates a preferred embodiment of a fluidised bed reactor 20 with which the crystallinity of a poly- 
ester granulate is raised to the desired level, in particular to 40 to 48%. Here, the granulate is passed via a 
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conveying device 10 into a fluidised bed crystalliser 20 with rectangular fluidising areas and with two zones 
30, 50 in which the granulate is crystallised under increasing temperatures of 170 - 210 °C, in particular 
190 - 210 °C, and gas with a dew point of -10 °C to -78 °C, in particular -10 °C to -50 °C. 

In the first zone the gas / chip ratio can be 2 - 4 and in the second zone 2 - 3 with a dwell time of up to 60 
min., preferably 20 - 35 min. 

The passage of the gas can be such that the gas is distributed by a perforated panel, enters the first zone 
30 via a gas inlet port 40 with a gas speed of 3.2 - 4 m/s and enters the second zone 50 via a gas inlet port 
40' with a gas speed of 2.1 - 3.5 m/s (free space velocity) and exits again via a common gas outlet 60 in 
the upper region of the crystalliser 20. This type of gas passage leads in the first zone 30 to a fluidised bed 
with a mixing characteristic and in the second zone 50 to turbulence with a controlled flow of granulate. 
The dust content at the outlet of the crystalliser is < 20 ppm. 

The granulate obtained after the 1 st stage of the crystallisation has preferably a level of crystallisation in the 
chip of about 42 - 50%. 

The semi-crystalline polyester material obtained after the 1 st stage, preferably granulate, flows in a 2 nd 
stage at temperatures suitable for crystallisation (i) under low mechanical disturbance and gas in counter- 
flow, (ii) under mechanical disturbance and gas in uniflow and (iii) without mechanical disturbance and gas 
in uniflow. 

The stages (i) to (iii) of the 2 nd stage of the crystallisation are carried out especially preferably continuously, 
i.e. the polyester material runs through the stages (i) to (iii) in a continuous flow. 

The gas used in the 2 nd stage (i) to (iii) is preferably air or nitrogen, especially preferably nitrogen. 

The temperature suitable in the 2 nd stage (i) to (iii) for crystallisation is preferably about 190 to about 220 
°C, more preferably 195 to 215 °C and especially preferably 208 to 213 °C. 

The dwell time of the polyester material in the 2 nd stage (i) is preferably about 30 to about 60 min., in the 
2 nd stage (ii) about 30 to about 60 min., and in the 2 nd stage (iii) about 180 to about 300 min. 

Especially preferably the 2 nd stage of the crystallisation is carried out in three zones of a shaft crystalliser, 
that is zones 3, 4, 5 in which the steps (i) to (iii) of the 2 nd stage are carried out. In zone 3 the granulate is 
subjected to periodically occurring mechanical disturbances with gas in counterflow, in zone 4 to periodi- 
cally occurring mechanical disturbances with gas in uniflow and in zone 5 to no mechanical disturbances 
and gas in uniflow. 

Fig. 2 illustrates a preferred embodiment of a shaft crystalliser 70, which can be used according to the 
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invention, and in which the 2 nd stage of the crystallisation can be carried out. As shown in Fig. 2, the granu- 
late is introduced in the 2 nd stage into a continuously operating, vertically standing, three-part shaft crystal- 
liser 70 with a centralised rotating shaft 170 which is installed in the longitudinal axis. In the first and sec- 
ond section 80, 90 of the shaft crystalliser, zones 3 and 4, arms 180, 180' with a slight resistance to the 
flow are fitted at certain intervals to the shaft, through which a periodic mechanical disturbance of the bulk 
material is achieved. Due to the granulate movement agglomerate formation (conglutination) of the mate- 
rial is prevented. In the third section 100 of the shaft crystalliser the granulate is treated in zone 5 without 
disturbance. 

In the 3 rd and 4 th zones the granulate is periodically mechanically disturbed, whereas in the 5 th undisturbed 
zone dwell period compensation occurs with the beginning post-polycondensation. 

The gas passage occurs such that the gas between the 3 rd and the 4 th zones (first and second sections of 
the shaft crystalliser) is fed via a gas inlet port 140 and exits the crystalliser again in the upper or first sec- 
tion 80 via a gas outlet port 150 and proportionately also via the lower or third section 100 via a gas outlet 
port 160. Here, the gas is passed to the 3 rd zone (first section of the shaft crystalliser) in counterflow to the 
granulate and to the 4 th and 5 th zones in uniflow (second and third sections of the shaft crystalliser). 

The gas outlet ports (150, 160) are here preferably arranged such that gas introduced through the gas inlet 
port (140) is passed as long as possible with granulate in counterflow or uniflow, i.e. at the start of the first 
section (80) and the end of the third section (100) of the shaft crystalliser (70). 

In the 3 rd zone (first section 80 of the shaft crystalliser 70) the PET granulate is heated up under periodi- 
cally acting mechanical disturbance, preferably using hot gas, in particular nitrogen, in counterflow to the 
granulate with a gas / chip ratio of 1 - 3 and dwell time of 30 - 60 min. to 190 - 220 °C. 

In the 4 th zone (second section 90 of the shaft crystalliser 70) the PET is further crystallised and rendered 
uniform under the periodic action of mechanical disturbance preferably at 190 - 220 °C with the gas, in 
particular nitrogen, in uniflow with a gas / chip ratio of 0.5-1. The dwell time is 30 - 60 min. 

The PET granulate treated in this way in the 3 rd and 4 th zones is preferably treated in the undisturbed 5 th 
zone (section 100 of the shaft crystalliser 70) at a temperature of 190 - 215 °C in uniflow with a gas / chip 
ratio of 0.1 - 3 in such a way that with a mean dwell time of 60 -180 min., apart from aldehyde reduction 
and crystallisation, a post-polycondensation between 0-0.10 dl/g I.V. increase specifically occurs here 
according to the method of the invention in dependence of the moisture of the gas. 

In the 3 rd and 4 th zones the granulate is periodically mechanically disturbed, whereas in the 5 th undisturbed 
zone dwell period compensation occurs with the beginning post-polycondensation. 

The gas passage occurs such that the gas between the 3 rd and the 4 th zones (first and second sections of 
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the shaft crystalliser) is fed via a gas inlet port and exits the crystalliser again in the upper or first section 
via a gas outlet port and proportionately also via the lower or third section via a gas outlet port. Here, the 
gas is passed to the 3 rd zone (first section of the shaft crystalliser) in counterflow to the granulate and to 
the 4 th and 5 th zones in uniflow (second and third sections of the shaft crystalliser). 

The gas outlet ports are here preferably arranged such that gas introduced through the gas inlet port is 
passed as long as possible with granulate in counterflow or uniflow, i.e. at the start of the first section and 
the end of the third section of the shaft crystalliser. 

The overall dwell time of the polyester material in the 1 st and 2 nd stages of the crystallisation is preferably, if 
it comprises the above described zones 1 to 5, between 290 - 480 min., in particular 350 - 450 min. f 
wherein the dwell time ratio in the 1 st stage is in comparison to the dwell time in the second stage 1:4 to 
1 :21 . Especially preferably the dwell time ratio in the 1 st and 2 nd stages of the crystallisation, if these stages 
comprise the zones 1 to 5, amounts to a dwell time in zones 3 and 4, which is 1 to 6 times as long as in the 
zones 1 and 2 and a dwell time in zone 5, which is 1 .5 to 5 times as long as in the zones 3 and 4. 

The polyester material used in the method according to the invention preferably has an LV. of about 0.3 
dl/g to about 0.9 dl/g, preferably about 0.3 dl/g to 0.8 dl/g, especially preferably about 0.66 dl/g to 0.9 dl/g, 
in particular about 0.72 to 0.8 dl/g. Especially preferably a polyester material is used which has an LV. of at 
least about 0.66 dl/g, more preferably about 0.66 to 0.8 dl/g and in particular about 0.72 to 0.8 dl/g, be- 
cause the material obtained here exhibits a desired low content of acetaldehyde, i.e. < 10 ppm, in particu- 
lar < 1 ppm, and is therefore suitable for further processing to polyester formed objects for which a low 
acetaldehyde content is required, such as bottles, without a following SSP. 

Surprisingly, it has been found that on carrying out the method according to the invention the LV. of the 
polyester material can be controlled using the moisture in the gas and therefore a granulate can be specifi- 
cally produced which conforms to the appropriate bottle applications, wherein a granulate with a high LV. 
can be used. 

If polyester material with an LV. of at least about 0.3 dl/g to about 0.72 dl/g is used, preferably an SSP is 
carried out afterwards. 

Since semi-crystalline polyester during the crystallisation in the crystalliser and in the following solid state 
polycondensation reactor can tend to increased agglomerate formation due to high exothermic heat devel- 
opment and these conglutinations can be so strong that they do not part from one another with the use of 
normal crystallisation and solid state polycondensation methods, it is preferable to use spherically shaped 
polyester material in the method according to the invention. 

However, also other shapes of granulate can be used, such as cylindrical or flake-shaped granulate. 
Cylindrical granulates are however not preferred, because they stick together easier due to the surfaces 
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and edges and the abrasion is greater. Due to the asymmetry of cylindrical chips, uniform crystallisation of 
from the surface to the core of the chip is difficult. The use of approximately spherical chips has the advan- 
tage in comparison to the equivalent cylindrical chip of a more uniform crystallisation, a standard molar 
mass distribution in the chip and a 5 -10 % higher bulk weight. A further significant advantage with the use 
of spherical chips is the lower dust content that arises. 

Especially preferably the granulate used has a surface area of 1.45 - 2.0 m 2 /kg, preferably 1.6 to 1.8 m 2 /kg. 

The granulate obtained with the method according to the invention preferably has a standard degree of 
crystallisation of about 53 to about 55%, preferably 54%. 

The granulate obtained according to the invention preferably has an acetaldehyde content of < 10 ppm, 
especially preferably 0.5 - 5 ppm and in particular < 1 ppm. 

The dust content of the granulate is < 20 ppm, preferably after crystallisation according to the invention < 
10 ppm. 

It has surprisingly been found that with the use of the method according to the invention with the use of a 
gas with a dew point of less than or equal to -10 °C, in particular through the use of fluidised bed and shaft 
crystallisation, a polyester granulate can be produced with a low acetaldehyde value, low acetaldehyde 
reformation, excellent colour brightness, very low dust values, without conglutinations and with the use of 
chips with high I.V. between 0.66 - 0.90 d!/g from the melt polycondensation, wherein a following solid 
state polycondensation can be omitted. Additionally, the acetaldehyde content can be reduced from 50 - 30 
ppm to 5 - 7 ppm. 

This invention also relates to a method for the production of polyester formed bodies, wherein polyester 
material is used, in particular granulate, obtained following the method according to the invention with an 
I.V. increase of between 0-0.10 dl/g without solid state polycondensation. Following the method according 
to the invention polyester material can be used for the production of the polyester formed bodies without 
carrying out a solid state polycondensation, which is advantageous due to reduced costs and reduced 
apparatus and energy requirements. 

In particular polyester material, in particular in the form of granulate or chips, produced by the method ac- 
cording to the invention and with an I.V. from the melt polycondensation of > 0.66 dl/g, can be passed di- 
rectly for processing in stretch-blow or injection stretch-blow methods for the production of the polyester 
formed bodies without further condensation in a solid state polycondensation reactor. The special advan- 
tage lies in the clearly improved melting properties during the processing of the granulates to preforms. 
The required melt energy has values below 56 kJ/kg, preferably 50 - 52 kJ/kg. The melting point, meas- 
ured according to DSC without prior melting (DSCO), is at 242 - 244 °C in a very favourable range for the 
processing to preforms and bottles. 
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The polyester formed bodies are preferably selected from the group consisting of bottles, films, filaments, 
fibres and technical high strength threads. 

The invention will now be described in more detail based on some embodiments which in no way restrict 
the invention. The stated characteristic values were determined in this respect as follows: 

The intrinsic viscosity (i.V.) was measured at 25 °C on a solution of 500 mg of polyester in 100 ml of a 
mixture of phenol and 1,2-dichlorobenzene (3:2 parts by weight). 

The COOH end-group concentration was found by photometric titration with 0.05 ethanolic potassium hy- 
droxide against bromthymol blue of a solution of a polyester in a mixture of o-creosol and chloroform 
(70:30 parts by weight). 

The determination of diethylene glycol (DEG), isophthalic acid (IPA) and 1,4-cyclohexane dimethanol 
(CHDM) in the polyester occurs using gas chromatography after prior methanolysis of 1 g of polyester in 
30 ml of methanol with the addition of 50 mg/l of zinc acetate in the bomb tube at 200 °C. 

The measurement of the turbidity value in "nephelometric turbidity units" (NTU) occurred in a 10% solution 
by weight of polyester in phenol / dichlorobenzene (3:2 parts by weight) with a nephelometer from Hach 
(type XR according to US Patent 4,198,161) in a cuvette with 22.2 mm diameter analogous to the usual 
standard DIN 38404, Part 2 for water. The intensity of the scattered light is measured in comparison to a 
standard solution of formazine, subtracting the value of the solvent (about 0.3 NTU). 

The measurement of the colour values L and b occurred according to HUNTER. The polyester chips were 
first crystallised in a drying cabinet at 135 ± 5 °C for one hour. The colour values were then found in a 
three range colour measurement instrument by measuring the colour shade of the polyester sample with 
three photocells, in the front of each of which was placed a red, green and blue filter (X, Y and Z values). 
The evaluation occurred according to the HUNTER formula, whereby 

L=10VYand 

b = 7,0 

VY (Y - 0.8467 Z). 

The acetaldehyde content (AA) was determined by driving the acetaldehyde out of the polyester by heating 
in an enclosed vessel and the acetaldehyde in the gas space of the vessel was measured by gas chroma- 
tography using the Head Space-Injection System H540 from Perkin Elmer; carrier gas: nitrogen; column: 
1.5 m stainless steel; filling: Poropack Q, 80- 100 mesh; sample amount: 2g; heating temperature: 150 °C; 
heating period: 90 min. 

The dust analysis is carried out gravimetrically. To do this, 1 kg of chips is washed with methanol, the 
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washing agent filtered via a filter and the residue dried and weighed. 

The product is weighed in and heated to 300 °C from a starting temperature around 35 °C with a heating 
rate of 10 K / min. and then the melting point and the melting energy needed for the melting process de- 
termined (DSCO - corresponds to the DSC (Differential Scanning Calorimetry) method, without however 
prior melting of the sample). 

The oligomer determination in the PET takes place by dissolution in a mixture of l.tl.S.S.S-hexafluoro^- 
propanol (HFIP) / chloroform. The high molecular PET is precipitated using methanol, filtered off and the 
solution dried under a vacuum. Then the oligomer residue is again dissolved in a standard solution, con- 
sisting of toluol in HFIP / chloroform and the oligomer content is determined by gel permeation chromatog- 
raphy (GPC). 

To determine the degree of crystallisation (KTG) the density of 30 chips is determined three times in a 
density gradient with a tetrachloroethane / heptane mixture at 23 °C and calculated according to 

The determination of the melting enthalpy (Heat of Fusion; HOF) occurs separately from the DSCO analy- 
sis such that the PET charge is heated in 50 K steps to 200 °C, held 5 min. and then heated at 10 K / min. 
to 300 °C and the energy consumed is determined in kJ/kg. 

Example 1 (comparison) 

In Example 1 amorphous spherical chips with a weight of 15.5 mg / chip and with a surface area of 1.55 
m 2 /kg, a bulk weight of 840 kg/m 3 and an I.V. of 0.612 dl/g from the melt polycondensation method for the 
production of lightly modifiable PET for bottles for the bottling of sweet beverages are crystallised and solid 
state polycondensed. 

Materials in Example 1 

Catalyst content Sb: 200 ppm, IPA: 2% mass, DEG: 1 .4% mass 

The results of Example 1 are shown in Table 1 and the results of Examples 2 - 4 in Tables 2 - 4 and in 
Appendix 1. 
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Table 1 , Example 1 



(Standard crystallisation with following SSP, dew point -75 °C in the SSP reactor) 



Analyses 


Material used 
Spherical 
chip shape 


1st 

crystallisation 
(Zones 1 and 
2) 

Fluidised bed 
crystalliser 
U I . ou mm. 


2nd 

crystallisation 
Shaft 

crystalliser 
(Zones 3 to 

r-\ 

5) 

p\~r- A on min 

u i . i ou min. 
T 215 °C 


SSP 

DT: 12 hrs. 
T: 207.5 C 
Delta I.V.= 
u.^4u Lui/gj 


I V fdl/al 


0.60 


0.62 


0.64 


0.84 


COOH 
[mmol/kg] 


30 


27 


26 


26 


DSCO [°C] 




_ 


_ 


244 


Colour L 


83 


85.1 


88.1 


89.4 


Colour b 


-3.3 


-1.0 


-0.6 


-0.6 


AA [ppm] 


55 


8.8 


1 


0.2 


KTG [°C] 




46.1 


53.1 


55.2 


HOF [kJ/kg] 








58.6 


Oligomers [%] 








0.6 


Dust [ppm] 


< 10 






<20 



In Examples 2-4 amorphous spherical chips with a weight of 14 mg / chip and with a surface area of 1.61 
m 2 /kg, a bulk weight of 880 kg/m 3 and an I.V. of 0.74 - 0.76 dl/g were used from the melt polycondensation 
method following the method according to the invention. 

In Example 2 these chips were crystallised at a dew point of -75 °C, -30 °C and -15 °C in the carrier gas 
nitrogen with a dwell time 7.6 hours at temperatures between 205 and 213 °C. 



Materials used in Example 2: 

Catalyst content Sb: 250 ppm, I PA: 2% mass, DEG: 1 .4% mass 
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Example 2 



Table 2, Example 2 (crystallisation at a dew point of -75 / -30 / -15 °C in the gas circulation) 



Analyses 


Material used 
Spherical chip 
shape 


1st crystallisation 
(Zones 1 and 2) 
Fluidised bed 
crystalliser 
DT: 52 min. 
T: 205 °C 

Tp gas -75/ -30/ -15 
°C 


2nd crystallisation 
(Zones 3 to 5) 
Shaft crystalliser 
DT: 403 min. 
T: 213 °C 

Tp gas -75/ -30/ -15 
°C 


I.V. [dl/g] 


0.76 


0.73 - 0.74 


0.87 / 0.82 / 0.76 


COOH 
[mmol/kg] 


25 




14/19/20 


DSCO [°C] 


- 


- 


243 / 242 / 239 


Colour L 


81 




85 


Colour b 


-3 




0-0.5 


AA [ppm] 


42 


5-6 


0.7/0.6/0.5 


KTG [°C] 




48-50 


54 


HOF [kJ/kg] 






57.5 / 54.2 / 54.3 


Oligomers 
[%] 






0.8 


NTU 


6.5 




2-4 


Dust [ppm] 


< 10 




13.7 



In a further Example 3 amorphous spherical chips were crystallised following the method according to the 
invention at a dew point of -39 °C, -30 °C, -17 °C in the carrier gas nitrogen, with a dwell time of 7.6 hours 
at temperatures between 205 and 213 °C. 



Material used in Examples 3 and 4: 

Catalyst content Sb: 220 ppm, I PA: 2% mass, DEG: 1 .4% mass 
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Example 3 



Table 3, Example 3 (crystallisation at a dew point of -39 / -30 / -17 °C in the gas circulation) 



Analyses 


Material used 
Spherical chip 
shape 


1st crystallisation 
(Zones 1 and 2) 

Fluidised bed 

crystalliser 

DT: 52 min. 

T: 205 °C 

Tp gas -39/ -30/ -17 
°C 


2nd crystallisation 
(Zones 3 to 5) 
Shaft crystalliser 
DT: 403 min. 
T: 213 °C 

Tp gas -39/ -30/ -17 
°C 


I.V. [dl/g] 


0.74 - 0.75 


0.73 - 0.74 


0.82 / 0.80 / 0.76 


COOH 
[mmol/kg] 


20 




15/17/22 


DSCO [°C] 




- 


243 / 240 / 240 


Colour L 


80 




ob 


Colour b 


-3 




0-0.5 


AA [ppm] 


35 


5 


0.5-0.6 


KTG [°C] 




48-50 


55 


HOF [kJ/kg] 






54-56 


Oligomers 
[%] 






0.9- 1.0 


NTU 


3-5 




2 


Dust [ppm] 


< 10 




15.4 



In Example 4 amorphous spherical chips were crystallised following the method according to the invention 
at a dew point of -39 °C in the carrier gas nitrogen, with a reduced dwell time of 6.7 hours at temperatures 
between 205 and 213 °C. 
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Example 4 

Table 4, Example 4 (crystallisation at a dew point of -39 °C in the gas circulation with reduced dwell time) 



Analyses 


Material used 
Spherical chip 
shape 


1st crystallisation 
(Zones 1 and 2) 

Fluidised bed 

crystalliser 

DT: 46 min. 

T: 205 °C 

Tp gas - 39 °C 


2nd crystallisation 
(Zones 3 to 5) 
Shaft crystalliser 
DT: 353 min. 
T: 213 °C 
Tp gas -39 °C 


I V. [dl/g] 


0.74 


0.73 


0.81 


COOH 
[mmol/kg] 


20 






DSCO [°C] 




- 




Colour L 


81 




OD 


Colour b 


-3 




-0.5 


AA [ppm] 


32 


7 


0.6 


KTG [°C] 




48 


54 


HOF [kJ/kg] 






52.4 


Oligomers 
[%] 






1.03 


NTU 


3.3 




4.1 


Dust [ppm] 


< 10 




11.9 



Fig. 3 shows a reaction curve of the I.V. development in dependence of the set dew points of the gas with 
constant antimony concentration in the PET and with a dwell time in the crystallisation of 445 min. 

The granulate was prepared at 180 °C over 4 hours in a Challenger dryer for the production of preforms. 

The processing to preforms occurred on a production machine of type Husky XL300P / 48 cavities, giving 
28 g preforms at 295 °C with the comparative product and under temperature reduction in the hot runner to 
270 - 275 °C with processing of the chips from the method according to the invention. 

The bottles were produced on a laboratory machine from Sidel with a tool with Coca Cola design under 
standard conditions. 

The preform and bottle production ran without any problem. The transparency of the bottles was good and 
of neutral colour. The acetaldehyde content according to the usual head space method was with bottles 
following the method according to the invention between 1.0 - 2.5, mean 1.9 yg/l in comparison to bottles 
following the traditional solid state polycondensation with 2.5 - 3.1 pg/l. There was no difference in the me- 
chanical properties of the bottles. 



